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VSHFLDOFRPSOH[JHRPHWU\DVVKRZQLQ)LJZKDWLVKDUGWRODXQFKXVLQJWKHXVXDOO\XVHGODXQFKLQJHTXLSPHQWDQG
XVLQJ WKH JHQHUDOO\ XVHG ODXQFKLQJ WHFKQRORJLHV'XH WR WKH FRPSOH[ ODXQFKLQJSURFHVV WKHGHVLJQHUV GHFLGHG WR
ODXQFKRQO\WKHVWHHOSDUWRIWKHFRPSRVLWHEULGJHDQGWKHUHLQIRUFHGFRQFUHWHGHFNLVSODFHGODWHULIWKHEULGJHUHDFKHG
LWVILQDOORFDWLRQ,QWRSYLHZWZRWKLUGRIWKHEULGJHLVORFDWHGLQDULJKWDUFKRIDFLUFOHRQHSDUWLVDWUDQVLHQWDUFK
DQGDVKRUWSDUWLVVWUDLJKWDQGWKHHQGRIWKHEULGJHLVORFDWHGLQDWUDQVLHQWDUFKKDYLQJRSSRVLWHFXUYDWXUHWKDQWKH
DQRWKHUHQG,QVLGHYLHZWKHEULGJHKDVDOVRDFXUYHGVKDSHZLWKDQH[WUHPHSRLQWLQWKHPLGGOHSDUW,QDGGLWLRQWR
WKLVFRPSOH[JHRPHWU\WKHUHODWLYHGLVWDQFHEHWZHHQWKHWZRPDLQ,JLUGHUVLVQRWFRQVWDQWDORQJWKHORQJLWXGLQDOD[LV
LWIROORZVWKHH[DFWJHRPHWU\RIWKHFDUULDJHZD\7KHWDVNRIWKHDXWKRUVZDVWRGHVLJQWKHODXQFKLQJWHFKQRORJ\DQG
WRH[HFXWHWKHODXQFKLQJSURFHVVRIWKLVFRPSOH[JHRPHWU\7KLVJHRPHWU\FDQQRWEHODXQFKHGZLWKRXWFRQWLQXRXV
PRGLILFDWLRQRIWKHHUHFWHGVKDSHZKLFKPDGHWKHODXQFKLQJSURFHVVTXLWHGLIILFXOW
        
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
)LJ6LGHYLHZDQGWRSYLHZRIWKH³ýDGHþND´KLJKZD\EULGJH
)LUVWRIDOORQHSDUWRIWKHGLIILFXOWLHVDUHLQWKHVWDWLFFDOFXODWLRQRIWKHODXQFKLQJSURFHVVEHFDXVHWKHFRQWLQXRXV
PRGLILFDWLRQRIWKHVWHHOJLUGHUVKDSHKDVWREHWDNHQLQWRDFFRXQW7KHPRGLILFDWLRQRIWKHVKDSHLQWKHVWHHOJLUGHU
JLYHVDGGLWLRQDOQRUPDODQGVKHDUVWUHVVHVWRWKHPDLQJLUGHUDQGLWKDVDOVRLQIOXHQFHRQWKHGULYHIRUFH,IWKHJLUGHU
LVVWUHVVHGEHWZHHQWKHVXSSRUWVDWWKHSLHUVWKHIRUFHZKLFKEULQJVWRPRYHWKHEULGJHZLOOLQFUHDVHDQGLIWKHEULGJH
LVUHOHDVHGIURPWKHVXSSRUWV WKHGULYHIRUFHFDQGHFUHDVH7RGHVLJQWKHODXQFKLQJWHFKQRORJ\DQGWKHODXQFKLQJ
GHYLFHVWKHGULYHIRUFHKDGWREHGHWHUPLQHGZLWKODUJHDFFXUDF\ZKLFKQHHGHGDPRUHFRPSOLFDWHGFDOFXODWLRQDV
XVXDOIRUEULGJHVZLWKVLPSOHJHRPHWU\2QWKHRWKHUKDQGGLIILFXOWLHVDUHIRXQGLQWKHGHVLJQRIWKHODXQFKLQJGHYLFHV
EHFDXVHGXHWRWKHODUJHGLIIHUHQFHVLQWKHJHRPHWU\DOOWKHODXQFKLQJGHYLFHVKDGWREHDEOHWRPRYHDQGIROORZWKH
JHRPHWULFDOFKDQJHVRIWKHEULGJHVXSHUVWUXFWXUH7KLVSDSHUJLYHVDQRYHUYLHZRQWKHVSHFLDOWLHVRIWKLVFRPSOLFDWHG
GHVLJQDQGFDOFXODWLRQSURFHVVDQGJLYHVWKHZD\KRZWKHDXWKRUVRYHUFRPHRIWKHVHGLIILFXOWLHVDQGWKHEULGJHZDV
HUHFWHGZLWKRXWDQ\VLJQLILFDQWSUREOHPLQWKHODXQFKLQJSURFHVV
'HVFULSWLRQRIWKHVXSHUVWUXFWXUHDQGWKHODXQFKLQJSURFHVV
7KHFXUUHQWO\HUHFWHG³ýDGHþND´KLJKZD\EULGJHLVDFRPSRVLWHJLUGHUEULGJHKDYLQJVSDQV7KHVWHHOPDLQJLUGHUV
DUHEXLOWXVLQJLQFUHPHQWDOODXQFKLQJWHFKQLTXHDQGWKHUHLQIRUFHGFRQFUHWHGHFNZDVSODFHGRQWKHVWHHOJLUGHUVDWWKH
ILQDOVWDJH7KHQRPLQDOVSDQOHQJWKVDUHP P7KHJHQHUDOFURVV
VHFWLRQRIWKHEULGJHLVSUHVHQWHGLQ)LJ7KHEULGJHZDVGHVLJQHGE\WKH6+3%UQRFRPSDQ\DQGHUHFWHGE\WKH
3URPRQW VUR .UiVQRQDG.\VXFRX FRPSDQ\7KH VXSHUVWUXFWXUH FRQWDLQV WZR VWHHO ,JLUGHUVZLWK ORQJLWXGLQDO
VWLIIHQHUVDQGZLWKWUDQVYHUVDOULEV,WFRQWDLQVDFURVVEUDFLQJV\VWHPDQGWZRXSSHUDQGORZHUZLQGEUDFLQJV\VWHPV
7KHGLVWDQFHEHWZHHQWKHPDLQJLUGHUVLVPP7KH,JLUGHUVKDYHDV\PPHWULFFURVVVHFWLRQVZLWKDZHEGHSWK
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RIPPDQGZHEWKLFNQHVVRIPPLQWKHPDLQSDUWRIWKHEULGJH7KHXSSHUIODQJHKDVDZLGWKRIPPZLWK
DWKLFNQHVVRI±PPFKDQJLQJDORQJWKHORQJLWXGLQDOD[LV7KHORZHUIODQJHKDVDZLGWKRIPPZLWKD
WKLFNQHVVRI±PP7KHZHESODWHVDUHVWLIIHQHGZLWKWKUHHORQJLWXGLQDOVWLIIHQHUVSODFHGLQDQHTXDOGLVWDQFHV
DORQJWKHZHEGHSWKDQGSODFHGRQWKHRXWHUVLGHRIWKHZHE7KHGLVWDQFHVEHWZHHQWKHULEVDQGWKHWUXVVFURVVJLUGHU
V\VWHPVDUHPP7KHDSSOLHGVWHHOPDWHULDOLV6LQWKHPDLQSDUWRIWKHEULGJHKRZHYHUVWHHOZLWK6JUDGH
LVDOVRDSSOLHGLQWKHLQWHUQDOVXSSRUWUHJLRQV

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
)LJ*HQHUDOFURVVVHFWLRQRIWKH³ýDGHþND´KLJKZD\EULGJH
7KHJHRPHWU\RIWKHEULGJHLVTXLWHFRPSOH[7KHWRSYLHZRIWKHEULGJHLVORFDWHGLQDFXUYDWXUHRI5 PEHWZHHQ
WKHSLHUV%HWZHHQWKHSLHUVWKHFXUYDWXUHRIWKHEULGJHFKDQJHVFRQWLQXRXVO\ZLWKDVPDOOVWUDLJKWSDUWLQWKH
PLGGOH7KHGLVWDQFHEHWZHHQWKHUHDOEULGJHJHRPHWU\DQGDFLUFOHZKDWFRXOGEHODXQFKHGZLWKRXWDQ\DGGLWLRQDO
GHIRUPDWLRQVLVPP7KHYHUWLFDOYLHZRIWKHEULGJHLVDOVRDFLUFOHZLWKDUDGLXVRI5 P7KHORZHVW
SRLQW LV ORFDWHGEHWZHHQ WKHSLHUVZKDW LV ORFDWHGZLWKPPORZHU WKDQ WKHSLHU7KHJHRPHWU\RI WKH
VXSHUVWUXFWXUHFDQEHVHHQLQ)LJXQGHUHUHFWLRQ

)LJ6LGHYLHZRIWKH³ýDGHþND´KLJKZD\EULGJH
7KXV WKHEULGJHKDV WZRGRPLQDQWO\GLIIHUHQW SDUW IURPJHRPHWULFDO SRLQWRIYLHZ WKH DXWKRUV DQG WKHGHVLJQHUV
GHFLGHGWRPDNHWKHODXQFKLQJSURFHVVIURPWKHWZRHQGVVLPXOWDQHRXVO\7KHILUVWO\HUHFWHGSDUWZDVWKHVWUXFWXUH
EHWZHHQWKHSLHUVIRUZKLFKSDUWLVDFLUFOHIURPWRSYLHZ7KHDQRWKHUSDUWZDVEHWZHHQWKHSLHUVZLWKLWV
GRXEOHFXUYDWXUH)RUERWKSDUWVDODXQFKLQJWUXVVKDVEHHQGHVLJQHGDQGHUHFWHGZLWKDQRPLQDOOHQJWKRIPWR
UHGXFHWKHQHJDWLYHEHQGLQJPRPHQWVDWWKHFDQWLOHYHUVWDJHV7KHJOREDOJHRPHWU\RIWKHODXQFKLQJWUXVVFDQEHVHHQ
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LQ)LJ7KHWUXVVJLUGHUZDVPDQXIDFWXUHGIURPVHJPHQWVWREHDEOHWRIROORZWKHFXUYDWXUHRIWKHODXQFKLQJSDWK
7KHODXQFKLQJWUXVVKDVWZRPDLQWUXVVJLUGHUVFRQQHFWHGE\FURVVJLUGHUV\VWHP7KHVHFWLRQVRIWKHWUXVVDUHZHOGHG
VHFWLRQVXVLQJ6VWHHOPDWHULDO

)LJ*HRPHWU\RIWKHODXQFKLQJWUXVV
7ZRHUHFWLRQVKRSVZLWKDOHQJWKRIaPDUHEXLOWDWERWKHQGVRIWKHYDOOH\7KHVWHHOPDLQJLUGHUVHJPHQWV
ZLWKDaPOHQJWKDUHWUDQVSRUWHGWRWKHVLWHZKHUHDOOWKHQHFHVVDU\ZHOGLQJDQGWKHODXQFKLQJSURFHVVQHHGHG
RQO\GD\VSURVHJPHQWV7KHUHIRUHWKHWUDQVSRUWDWLRQDVVHPEO\DQGODXQFKLQJRIDPORQJVHJPHQWFRXOGEH
HUHFWHGLQDGD\SHULRG7KHODXQFKLQJSURFHVVIURPWKHWZRVLGHVDUHSUHVHQWHGLQ)LJ
 
)LJ/DXQFKLQJSURFHVVRIWKH³ýDGHþND´KLJKZD\EULGJH
7KHVXSHUVWUXFWXUHZDVVXSSRUWHGDWGLVFUHWHSRLQWVRQ WKHHUHFWLRQVKRSDQGRQ WKHSLHUV/DXQFKLQJGHYLFHVDUH
SODFHGRQWKHWRSRIDOOWKHSLHUVZKLFKHQVXUHGPRYDEOHVXSSRUWWRWKHVXSHUVWUXFWXUHKRZHYHUWKHPRYHPHQWRIWKH
EULGJHZDVRQO\DSSOLHGDWWKHHQGVXSSRUWV7KHODXQFKLQJGHYLFHHQVXUHGDPORQJFRQWLQXRXVVXSSRUWWRWKHEULGJH
HQVXULQJXQLIRUPO\GLVWULEXWHGORDGVDORQJWKHODXQFKLQJGHYLFH7KHPDLQSUREOHPVZHUHFDXVHGE\WKHWUDQVYHUVDO
VXSSRUWRIWKHEULGJH7KHORFDWLRQRIWKHVWUXFWXUHDQGWKHHUHFWLRQSHULRGaPRQWKUHVXOWHGWKDWWKHGHVLJQ
YDOXHRIWKHZLQGORDGKDGDQLQWHQVLW\RIN1P7KLVKXJHZLQGORDGDQGWKHDGGLWLRQDOWUDQVYHUVDOIRUFHVFRPLQJ
IURPWKHGHIRUPDWLRQRIWKHEULGJHWRWKHORDGLQJSDWKUHTXHVWHGYHU\VWURQJODWHUDOVXSSRUWVZKLFKDUHPDQXIDFWXUHG
IURPVWHHOVWUXFWXUHDQGZKLFKDUHSODFHGRQWKHSLHUV7KHORQJLWXGLQDOPRYHPHQWRIWKHVXSHUVWUXFWXUHZDVPDGH
XVLQJK\GUDXOLFMDFNV,WKDVWREHPHQWLRQHGWKXVWKHEULGJHZDVODXQFKHGIURPWKHXSSHUSRLQWVRIWKHODXQFKLQJSDWK
DQGPRYHGWRGRZQKLOOGLUHFWLRQWKHUHIRUHDGGLWLRQDOEUDNLQJV\VWHPLVDOVRLPSOHPHQWHGLQWKHODXQFKLQJGHYLFH
1XPHULFDOPRGHOOLQJRIWKHODXQFKLQJSURFHVVDQGGHVLJQRIWKHVXSHUVWUXFWXUH
7KHDLPVRIWKHVWDWLFFDOFXODWLRQDUHWRSHUIRUPWKHVWUHQJWKDQGVWDELOLW\FKHFNRIWKHVXSHUVWUXFWXUHDQGWRGHWHUPLQH
WKHPD[LPXP KRUL]RQWDO DQG YHUWLFDO UHDFWLRQ IRUFHV DFWLQJ RQ WKH ODXQFKLQJ GHYLFHV 7KH VWDWLF FDOFXODWLRQV DUH
SHUIRUPHGZLWKLQWKHIROORZLQJWKUHHVWHSV
 /DXQFKLQJVLPXODWLRQZDVSHUIRUPHGWRFKHFNWKHSRVVLEOHRYHUORDGLQJRIWKHODXQFKLQJGHYLFHVDVZHOO
DVWKHVXSHUVWUXFWXUHRIWKHEULGJH7KHODXQFKLQJVLPXODWLRQZDVSHUIRUPHGVWHSE\VWHSZLWKLQP
LQFUHPHQW,QDOOWKHPRGHOOHGODXQFKLQJSKDVHVWKHVWDWLFFKHFNRIEULGJHVWUXFWXUHVKDVEHHQSHUIRUPHG
 7KHORDGFDUU\LQJFDSDFLW\RIWKHODXQFKLQJWUXVVKDVEHHQDOVRFKHFNHGDQGWKHSRVLWLRQRIWKHODXQFKLQJ
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WUXVVHQGVDUHGHWHUPLQHGWRFKHFNWKHSRVLWLRQRIWKHEULGJHE\UHDFKLQJWKHSLHUV
 ,QFDVHRIDOOWKHODXQFKLQJVWHSVWKHKRUL]RQWDODQGYHUWLFDOUHDFWLRQIRUFHVDUHGHWHUPLQHGWRFKHFNDQG
HOLPLQDWHWKHSRVVLEOHRYHUORDGLQJRIWKHODXQFKLQJGHYLFHV:LWKLQWKLVVWHSWKHQHFHVVDU\GULYHIRUFH
LVDOVRGHWHUPLQHGWRFKHFNWKHUHTXHVWHGFDSDFLW\RIWKHK\GUDXOLFMDFN
7KHEULGJHVXSHUVWUXFWXUHLVPRGHOOHGE\DIXOOVKHOOPRGHOXVLQJ$QV\V>@7KHEUDFLQJV\VWHPFURVVEUDFLQJ
DQGZLQGEUDFLQJDQGWKHODXQFKLQJWUXVVZDVPRGHOOHGXVLQJEHDPHOHPHQWV7KHSLHUVDUHPRGHOOHGE\FRQFHQWUDWHG
VXSSRUWVLIWKHVXSSRUWUHDFWLRQVDUHGHWHUPLQHGDQGE\GLVWULEXWHGVXSSRUWVLIWKHSDWFKORDGLQJUHVLVWDQFHDQGWKH0
9)LQWHUDFWLRQRIWKHPDLQJLUGHUZDVFDOFXODWHG7RPRGHOWKHODWHUDOVXSSRUWVVSULQJVDUHDSSOLHGZKHUHWKHVSULQJ
FRHIILFLHQWVDUHFDOFXODWHGIURPWKHODWHUDOVWLIIQHVVRIWKHSLHUVDQGWKHODXQFKLQJGHYLFH7KHDSSOLHGILQLWHHOHPHQW
PHVKLVDUHODWLYHILQHPHVKKDYLQJWKHPD[LPXPHOHPHQWVL]HRIPP7KHJOREDOJHRPHWU\RIWKHPRGHODQG
VHYHUDOGHWDLOVRIWKHPDLQJLUGHUVDQGWKHODXQFKLQJWUXVVFDQEHVHHQLQ)LJV

)LJ*OREDOQXPHULFDOPRGHORIWKH³ýDGHþND´KLJKZD\EULGJH

)LJ'HWDLOVRIWKHQXPHULFDOPRGHO
7KHDSSOLHG ORDGVGXULQJ WKH ODXQFKLQJSURFHVVDUH WKHVHOIZHLJKWZLQG WHPSHUDWXUHDQG WKHGHIRUPDWLRQRI WKH
VWUXFWXUHFRPLQJIURPWKHODXQFKLQJSDWK7KHLQWHQVLW\RIWKHZLQGORDGZDVWDNHQN1PRQRQHVLGHRIWKH
FURVVVHFWLRQFRPSUHVVLRQIRUFHDQGN1PRQWKHDQRWKHUVLGHWHQVLRQIRUFH7KHZLQGORDGDFWLQJRQWKH
ODXQFKLQJWUXVVZDVVHWWRN1PRQERWKWUXVVJLUGHUV'XULQJWKHQXPHULFDOFDOFXODWLRQVERWKZLQGGLUHFWLRQV
DUHLQYHVWLJDWHGDQGWKHXOWLPDWHGLUHFWLRQVIURPSRLQWRIYLHZRIWKHVXSSRUWUHDFWLRQVDQGWKHLQWHUQDOIRUFHVLQWKH
VXSHUVWUXFWXUH DUH VHOHFWHG IRU DOO WKH ODXQFKLQJ SKDVHV 8QXQLIRUP WHPSHUDWXUH ORDGV DUH DOVR GHILQHG RQ WKH
VXSHUVWUXFWXUHZLWKWKHYDOXHVRI&UHSUHVHQWLQJWKHGHVLJQWHPSHUDWXUHORDGLQWKHHUHFWLRQSHULRG)URPWKH
GLIIHUHQFHVEHWZHHQ WKHJHRPHWU\RI WKHHUHFWHG VKDSHRI WKH VWHHOPDLQJLUGHU DQG WKH ODXQFKLQJSDWKDGGLWLRQDO
GLVSODFHPHQW ORDGV DUH GHILQHG LQ WKH PRGHO DW WKH DFWXDO ORFDWLRQV RI WKH SLHUV 7KH QHFHVVDU\ YDOXHV RI WKH
GLVSODFHPHQWVORDGVDWHDFKSLHUVDUHUHFDOFXODWHGIRUDOOWKHDQDO\VHGODXQFKLQJSKDVHVDQGLWVYDOXHVDUHDXWRPDWLFDOO\
XSGDWHGLQWKHQXPHULFDOPRGHO7KHVHGLVSODFHPHQWORDGVHQVXUHGWKHFRQVLGHUDWLRQRIWKHGLIIHUHQFHVEHWZHHQWKH
EULGJHJHRPHWU\DQG WKH ORDGLQJSDWKZKDWKDGDVLJQLILFDQW UROH LQ WKHFDOFXODWLRQSURFHVV7KHVWUHVVHVDQG WKH
GHIRUPDWLRQVGXHWRWKHVHOIZHLJKWZLQGWHPSHUDWXUHDQGGLVSODFHPHQWORDGVDUHFDOFXODWHGLQWKHFKDUDFWHULVWLFORDG
FDVHFRPELQDWLRQ7KHUHVXOWVRIWKHODXQFKLQJVLPXODWLRQDUHWKHLQIOXHQFHOLQHVIRUWKHYHUWLFDODQGKRUL]RQWDOVXSSRUW
UHDFWLRQIRUFHVDQGWKHH[WUHPHYDOXHVRIWKHVWUHVVHVLQWKHVXSHUVWUXFWXUH2QHH[DPSOHLVSUHVHQWHGIRUWKHVXSSRUW
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UHDFWLRQGLVWULEXWLRQVDWHDFKSLHUV)LJDQGRQHIRUWKHVWUHVVH[WUHPHYDOXHVLQWKHVWHHO,JLUGHU)LJ7KH
VXSSRUWUHDFWLRQGLDJUDPVKDVDQDOWHUQDWLQJWHQGHQF\ZKLFKFRPHVIURPWKHHIIHFWRIWKHZLQGORDG7KHLQFUHDVLQJ
WHQGHQFLHVRIWKHVXSSRUWUHDFWLRQVFDQEHFOHDUO\REVHUYHGRQWKHGLDJUDPLIWKHVWUXFWXUHUHDFKHGDSLHU7KHDLPRI
WKHFDOFXODWLRQZDVWRFKHFNWKDWWKHPD[LPXPUHDFWLRQIRUFHGRHVQRWRYHUFRPHRQWKHPD[LPXPDOORZDEOHUHDFWLRQ
IRUFHN1ZKDWZDVWKHGHVLJQUHVLVWDQFHOHYHORIWKHODXQFKLQJGHYLFH6LPLODUUHDFWLRQIRUFHLQIOXHQFHOLQHV
DUHSURGXFHGIRUWKHKRUL]RQWDOUHDFWLRQIRUFHVDVZHOODQGLWVPD[LPXPYDOXHVDUHDOVRFKHFNHG

)LJ&DOFXODWHGYHUWLFDOUHDFWLRQIRUFHVDWSLHUV
,IKDV WREHPHQWLRQHG WKDWXQWLO WKHGHWHUPLQDWLRQRI WKHYHUWLFDO VXSSRUW UHDFWLRQ IRUFHVDUH UHODWLYHO\HDV\ WKH
FDOFXODWLRQRIWKHKRUL]RQWDOUHDFWLRQIRUFHVDUHPRUHFRPSOLFDWHG9HUWLFDOUHDFWLRQIRUFHVKDYHWKUHHGLIIHUHQWRULJLQV
LZLQGORDGLLFXUYDWXUHRIWKHEULGJHVWUXFWXUHDQGLLLGULYHIRUFHGXULQJODXQFKLQJ7KXVWKHGULYHIRUFHLVDFWLQJ
RQO\LQFDVHRIPRYLQJWKHVWUXFWXUHDQGLQFDVHRIODUJHZLQGWKHUHDUHQRODXQFKLQJWKHVHWKUHHHIIHFWVFDQQRWRFFXU
DW WKH VDPH WLPH7KHUHIRUH WKHVHYDOXHV VKRXOGEH FDOFXODWHG VHSDUDWHO\ DQG DGGHG FRQVLGHULQJ WKH SRVVLEOH UHDO
ORDGLQJVLWXDWLRQV7KHGHWHUPLQDWLRQRIWKHGULYHIRUFHQHHGHGDVSHFLDOPRGHODSSO\LQJZHHNVSULQJVDWWKHORFDWLRQ
RIWKHSLHUVDQGVLPXODWLQJWKHODXQFKLQJRIWKHVWUXFWXUH7KHUHVXOWVVKRZHGWKDWWKHPD[LPXPYDOXHRIWKHGULYH
IRUFHLVVLJQLILFDQWO\VPDOOHUWKDQWKHUHDFWLRQIRUFHVFRPLQJIURPWKHZLQGORDGHIIHFWWKHUHIRUHWKHZLQGORDGZDV
WKHGRPLQDQWHIIHFWDQGUHVXOWHGWKHPD[LPXPYHUWLFDOVXSSRUWUHDFWLRQRQWKHODXQFKLQJGHYLFH


)LJ&DOFXODWHGYHUWLFDOUHDFWLRQIRUFHVDWSLHUV
7KHVWDWLFFDOFXODWLRQRIWKHEULGJHVWUXFWXUHZDVDOVRSHUIRUPHGLQDOOWKHODXQFKLQJVWHSV7KHPD[LPXPWHQVLRQ
DQG FRPSUHVVLRQ VWUHVVHV DQG WKH DFFRPSDQ\LQJ UHDFWLRQ IRUFHV DUH GHWHUPLQHG DQG WKH VWDELOLW\ FKHFN RI WKH
ORQJLWXGLQDOO\VWLIIHQHGJLUGHUZDVSHUIRUPHGDFFRUGLQJWRWKHUXOHVRIWKH(1>@H[WHQGHGE\DQ09)
LQWHUDFWLRQFKHFN>@DFFRUGLQJWRDGGLWLRQDOQXPHULFDOFDOFXODWLRQV
$QDO\WLFDODQGQXPHULFDOFDOFXODWLRQRIWKHGULYHIRUFH
'XULQJ WKH ODXQFKLQJ SURFHVV WKH QHFHVVDU\ GULYH IRUFH ZDV PHDVXUHG FRQWLQXRXVO\ 7KH UHVXOWV RI WKHVH
PHDVXUHPHQWVKLJKOLJKWHGWKDWWKHFRUUHFWGHWHUPLQDWLRQRIWKHGULYHIRUFHLVDVDIHW\LVVXH7KHEULGJHEHWZHHQWKH
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SLHUVLVORFDWHGLQDGRZQKLOOZLWKDVORSHRIDQGWKLVVORSHLVUHGXFHGWREHWZHHQWKHSLHUVRI7KH
WKHRUHWLFDO PLQLPXP VOLGLQJ FRHIILFLHQW DW WKH ODXQFKLQJ GHYLFHV LV  EXW WKH PHDVXUHPHQWV VKRZHG WKDW
VRPHWLPHVWKHEULGJHFRXOGEHODXQFKHGZLWKDOPRVW]HURGULYHIRUFHDQGWKHDSSOLFDWLRQRIDEUDNLQJV\VWHPZDV
QHFHVVDU\7KHUHDVRQRIWKLVSKHQRPHQRQLVWKHIROORZLQJ7KHDFWXDOGULYHIRUFHFDQEHFDOFXODWHGE\(T
KEF VVVV ++=  
ZKHUH 9)LVWKHIRUFHFRPLQJIURPIULFWLRQ
 9(LVWKHIRUFHFRPLQJIURPWKHFKDQJHRIWKHSRWHQWLDOHQHUJ\RIWKHVWUXFWXUH
 9.LVWKHIRUFHQHHGHGIRUDFFHOHUDWLRQRIWKHVWUXFWXUH
7KHYDOXHRI9)FDQEHFDOFXODWHGIURPWKHIULFWLRQFRHIILFLHQWDQGWKHVXPRIWKHUHDFWLRQIRUFHVDWHDFKVWDJH,W
KDVWREHPHQWLRQHGWKDWIURPWKHUHDFWLRQIRUFHVQRWRQO\WKHYHUWLFDOIRUFHVEXWWKHKRUL]RQWDOUHDFWLRQIRUFHVKDVWR
EHWDNHQLQWRFRQVLGHUDWLRQ7KHIULFWLRQFRHIILFLHQWGHSHQGVRQWKHODXQFKLQJGHYLFHWKHDSSOLHGPDWHULDOVDQGRLOV
,QFDVHRIWKHFXUUHQWO\XVHGODXQFKLQJHTXLSPHQWWKHIULFWLRQFRHIILFLHQWUHJDUGLQJDQRQPRYLQJVWUXFWXUHLVHTXDO
E\ZKLFKYDOXHUHGXFHVWR±IRUWKHPRYLQJVLWXDWLRQ7KHIULFWLRQFRHIILFLHQWVRIWKHDSSOLHG
PDWHULDOVZDVVLJQLILFDQWO\WLPHGHSHQGHQWFRPLQJIURPWKHYLVFRSODVWLFPDWHULDOSURSHUWLHV7KHYDOXHRI9(FDQEH
FDOFXODWHGE\(T
³³ ⋅⋅−⋅⋅⋅=Π
oo S
s
S
s dsygdsEI


 ρ  
,IWKHVWUXFWXUHLVPRYHGIURPWKHORFDWLRQ[WRWKHORFDWLRQ[WKHSRWHQWLDOHQHUJ\ZLOOEHFKDQJHGDQGWKLVFKDQJH
FDQEHFKDUDFWHUL]HGE\WKHZRUNRIWKHGULYHIRUFHDVVKRZQLQ(T
   xxVExx −⋅=Π−Π      ZKHUH   dx
d
V xE
Π
=     
,IWKHVXSHUVWUXFWXUHZRXOGEHULJLGȡ DQGWKHODXQFKLQJSDWKZRXOGEHDVWUDLJKWOLQHZLWKDVORSHRIPWKH
FKDQJHLQWKHSRWHQWLDOHQHUJ\FRXOGEHH[SUHVVHGE\(TV
xmGdsyg
oS
s ⋅⋅−=⋅⋅−=Π ³               mGdx
d
V xE ⋅−=
Π
=
  
,IWKHVXSHUVWUXFWXUHLVHODVWLFDQGWKHODXQFKLQJSDWKLVQRWDVWUDLJKWOLQHWKHDFWXDOYDOXHVRIWKHLQWHJUDOVKDVWREH
FDOFXODWHG,QRXUFDVHWKHFDOFXODWLRQVVKRZHGWKDWWKHQHJDWLYHYDOXHRI9(FDQUHDFKRIWKHWRWDOUHDFWLRQ
IRUFHZKLFKFDQH[SODLQWKHREVHUYDWLRQVDQGWKHGHJUDGDWLRQRIWKHGULYHIRUFHLQFDVHRIWKHUHDOODXQFKLQJSURFHVV
7KHYDOXHRI9.FRPSDUHGWRWKHDQRWKHUWZRFRPSRQHQWVE\WKHFXUUHQWODXQFKLQJYHORFLWLHVLVQHJOLJLEOH+RZHYHU
WKHODXQFKLQJGHYLFHVKRXOGEHSUHSDUHGWREHDEOHWRVWRSWKHVWUXFWXUHZLWKLQDVKRUWGLVWDQFHZKLFKUHTXLUHVWRFDUU\
DEUDNLQJIRUFHZKLFKYDOXHLVFRPSDUDEOHWRWKHYDOXHRIWKHGULYHIRUFH,QWKHIROORZLQJVDQH[DPSOHLVLQWURGXFHG
WRFDOFXODWHWKHGULYHIRUFHFRPLQJIURPWKHFKDQJHRIWKHSRWHQWLDOHQHUJ\7KHEULGJHLVUHSUHVHQWHGE\D+($
SURILOHZLWKDOHQJWKRIP7KLVJLUGHUZLOOEHODXQFKHGWKURXJKDVSDQRIPIURPWKHSRVLWLRQ$WRWKHSRVLWLRQ
%DVVKRZQLQ)LJ7KHJLUGHUKDVWKHQHFHVVDU\ORDGFDUU\LQJFDSDFLW\DQGWKHVWDELOLW\IDLOXUHLVQRWFRQVLGHUHG
LQWKHH[DPSOH7KHHUHFWHGVKDSHRIWKHJLUGHUKDVDSDUDEROLFVKDSHZLWKPPVXSHUHOHYDWLRQ7KHYDOXHRIWKH
9(LVFDOFXODWHGFRQVLGHULQJWKHUHDOHUHFWHGVKDSHDQGDVWUDLJKWOLQHDVDVKDSHRIWKHEULGJHPRGHOVKDSH7KH
UHVXOWVRIWKHFDOFXODWLRQDUHSUHVHQWHGLQ)LJ7KHFKDQJHRIWKHGULYHIRUFHFDQEHREVHUYHGRQWKHGLDJUDPVWHS
E\VWHSDQGEDVHGRQWKHUHVXOWVWKHIROORZLQJFRQFOXVLRQVFDQEHGUDZQ
- WKHGULYHIRUFHKDVDQHJDWLYHYDOXHZLWKDQLQWHQVLW\RIWKHUHIRUHEUDNLQJLVQHHGHG
- WKHJHRPHWU\RIWKHHUHFWHGVKDSHKDVVLJQLILFDQWLQIOXHQFHRQWKHGULYHIRUFH
- WKHYDOXHRIWKHGULYHIRUFHLVDOVRLQIOXHQFHGE\WKHIDFWWKDWWKHVXSSRUWVDUHQRWDOZD\VDFWLYH
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
)LJ0XVWHUH[DPSOHIRUWKHFDOFXODWLRQRIWKHGULYHIRUFH

)LJ&DOFXODWHGGULYHIRUFHVFRPSDUHGWRWKHUHDFWLRQIRUFHV
6XPPDU\
7KHFXUUHQWSDSHUJLYHVDVKRUWUHSRUWDERXW WKHODXQFKLQJSURFHVVDQGODXQFKLQJWHFKQRORJ\RI WKH³ýDGHþND´
KLJKZD\ EULGJH 7KH SDSHU LQWURGXFHV WKH H[HFXWHG FDOFXODWLRQV DQG SUHVHQWV WKH VSHFLDOWLHV RI WKH ODXQFKLQJ
WHFKQRORJ\RI WKLV YHU\ FRPSOH[EULGJH VWUXFWXUH7KH SDSHU GUDZ WKH DWWHQWLRQRQ WKH LPSRUWDQFH RI WKH FRUUHFW
GHWHUPLQDWLRQPHWKRGRIWKHGULYHIRUFHDQGLWVFRQVHTXHQFHVLQWKHGHVLJQRIWKHODXQFKLQJWHFKQRORJ\
$FNQRZOHGJHPHQW
:HZRXOGOLNHWRFRPPHPRUDWHWKHWUDJLFDOO\GHFHDVHG*HQHUDO'LUHFWRURI,QJVWHHOVURGU$QWRQ%H]DN7KH
SURMHFWGHVFULEHGDERYHZDVEDVHGRQKLVGHFLVLRQDQGHIIHFWXDWLRQWDNLQJERWKWKHUHVSRQVLELOLW\DQGULVNLPSOLHGLQ
WKHVROXWLRQDQGSHUIRUPDQFHRIDVSHFLDOZRUNOLNHWKDW,QWKHFRXUVHRIRXUFROODERUDWLRQZHZHUHKRQRXUHGWRIHHO
KLVWUXVWFRQILGHQFHDQGKHOSHYHQLQFULWLFDOVLWXDWLRQV+LVPHPRU\DVDUHDOIULHQGZLOOOLYHRQLQRXUKHDUWV:H
ZLVKWRH[SUHVVRXUJUDWLWXGHWR3URIHVVRUGU$JyFV=ROWiQIRUKLVLGHDRIWKHDSSO\LQJRIWKHODXQFKLQJPHWKRG:H
HQMR\HGKLVSUHFLRXVFRRSHUDWLRQWKURXJKRXWWKHZKROHFRQVWUXFWLRQSURFHVV7KHSURMHFWFRXOGQRWKDYHEHHQUHDOL]HG
ZLWKRXWKLVVXSSRUW:HWDNHWKHFKDQFHWRH[SUHVVRXUWKDQNVWRRXUFROOHJXHVDW,QJVWHHOVUUR%UDWLVODYDIRUWKHLU
KHOS DQG FRQWULEXWLRQ LQ WKH SODQQLQJ DQG LPSOHPHQWDWLRQ RI WKH SURMHFW 7KH VXFFHVVIXO FRQVWUXFWLRQ ZRUN ZDV
DFFRPSOLVKHGZLWKWKHFRRSHUDWLRQRI3URPRQWVUR.UDVQRQDG.\VXFRXVWDIIWKDQNVWKHPIRUWKDW$OVRZHDUH
JUDWHIXOWRDOOWKHSHRSOHZKRFRQWULEXWHGLQWKHUHDOL]DWLRQRIWKHVXFFHVVIXODFFRPSOLVKPHQWRIWKHSURMHFW
5HIHUHQFHV
>@$16<6Y&DQRQVEXUJ3HQQV\OYDQLD86$
>@(1(852&2'('HVLJQRIVWHHOVWUXFWXUHV3DUW3ODWHGVWUXFWXUDOHOHPHQWV
>@%%UDXQ6WDELOLW\RIVWHHOSODWHVXQGHUFRPELQHGORDGLQJ3K'WKHVLV1R,QVWLWXWHIRU6WUXFWXUDO'HVLJQ8QLYHUVLWlW6WXWWJDUW
